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
06RQ]D5HRUGD
'LSDUWLPHQWRGL$XWRPDWLFDH,QIRUPDWLFD
3ROLWHFQLFRGL7RULQR
7RULQR,WDO\
PDWWHRVRQ]DUHRUGD#SROLWRLW
$EVWUDFW²3HUPDQHQWIDXOWVHJGXHWRHOHFWURQLFFRPSRQHQWV
DJLQJ UHSUHVHQW D UHDO SUREOHP LQ QRZDGD\V GLJLWDO V\VWHPV
ZRUNLQJLQDXWRPRWLYHYHKLFOHV0DQGDWRU\WHVWVVKRXOGEHGRQH
DW WKH YHKLFOH NH\RQ LQ RUGHU WR GHWHFW GDPDJHG HOHPHQWV
*HQHUDWLRQ DQG YDOLGDWLRQ RI WKHVH WHVWV FDQ EH LPSURYHG LQ D
JUHDW PDQQHU FRQVLGHULQJ WKH FKDUDFWHULVWLFV RI WKH WDUJHW
GLVWULEXWHG VXEV\VWHPV ,Q WKLV ZRUN DQ DSSURDFK IRU LQILHOG
GHWHFWLRQRISHUPDQHQWIDXOWVLQD/,1QHWZRUNLVSURSRVHG
.H\ZRUGV3HUPDQHQW)DXOWV/,1%XV2QOLQH7HVWLQJ
, ,1752'8&7,21
'XHWRWKHLQFUHDVLQJXVDJHRIHOHFWURQLFV\VWHPVLQPDQ\
GLIIHUHQW DSSOLFDWLRQ GRPDLQV WKHUH LV D JURZLQJ DWWHQWLRQ
WRZDUGVWKHHIIHFWVRIIDXOWVDIIHFWLQJWKHP,QGXVWULHVDVNIRU
HIIHFWLYH WHFKQLTXHV DEOH WR GHWHFW SRVVLEOH IDXOWV QRW RQO\ DW
WKHHQGRIWKHPDQXIDFWXULQJSURFHVVEXWHYHQLQILHOGVRWKDW
DIDXOW\V\VWHPFDQEHHDUO\ODEHOHGDVVXFKDQGWKHQHJDWLYH
FRQVHTXHQFHVRIWKHIDXOWVFDQEHOLPLWHG
,Q VHYHUDO GRPDLQV VWDQGDUGV DQG UHJXODWLRQV H[SOLFLWO\
PDQGDWH IRU IDXOW FRYHUDJH ILJXUHV WREH DFKLHYHGE\ LQILHOG
WHVW )RU H[DPSOH WKH ,62  VWDQGDUG IRU DXWRPRWLYH
DSSOLFDWLRQV>@UHTXLUHVWKDWRIVWDWLFSHUPDQHQWIDXOWVDUH
GHWHFWHG HYHQ ZKHQ WKH $XWRPRWLYH 6DIHW\ ,QWHJULW\ /HYHO
$6,/LV%GHQRWLQJDUHODWLYHO\ORZOHYHORIUHTXLUHGVDIHW\
2EYLRXVO\KLJKHUILJXUHVDUHUHTXLUHGZKHQWKH$6,/LV&RU
'
$V D FRQVHTXHQFH FRPSDQLHV DUH DLPLQJ DW GHYLVLQJ
HIIHFWLYH VROXWLRQV WR SHUIRUP LQILHOG WHVW DEOH WRPDWFK WKH
GLIIHUHQW UHTXLUHPHQWVFRPLQJIURPWKHSURGXFWVSHFLILFDWLRQ
HJ LQ WHUPV RI FRVW GHVLJQ HIIRUW DYDLODEOH WLPH SRZHU
6RPH RI WKHVH VROXWLRQV DUH EDVHG RQ 'HVLJQ IRU 7HVWDELOLW\
'I7 ZKLFK W\SLFDOO\ DOORZV WKH GHVLJQHU WR DFKLHYH JRRG
GHIHFW FRYHUDJHZLWK YHU\ OLPLWHG WLPH UHTXLUHPHQWV2Q WKH
RWKHUVLGH WKHDGRSWLRQRI'I7VROXWLRQVUHTXLUHV LQWURGXFLQJ
VRPHFKDQJHVLQWRWKHKDUGZDUHZKLFKLVQRWDOZD\VIHDVLEOH
LQSUDFWLFHHJEHFDXVH WKHDGRSWHGGHYLFHVDUHSURYLGHGE\
WKLUGSDUWLHVRUEHFDXVHWKHUHODWHGFRVWLVQRWDFFHSWDEOH
,QRWKHUFDVHVDIXQFWLRQDODSSURDFKLVSUHIHUUHGLQZKLFK
WKHV\VWHPLVSURSHUO\VWLPXODWHGWKURXJKLWVIXQFWLRQDOLQSXWV
DQGLWVEHKDYLRUREVHUYHGWKXVGHWHFWLQJSRVVLEOHIDLOXUHV7KLV
DSSURDFKGRHV QRW UHTXLUH DQ\ FKDQJH LQWR WKH KDUGZDUH EXW

7KLVZRUNZDVVXSSRUWHGLQSDUWE\WKH6SDQLVK0LQLVWU\RI6FLHQFH
DQG7HFKQRORJ\FRGH7(&&5(1$6(5SURMHFW
WKH GHIHFW FRYHUDJH LW FDQ DFKLHYH VWURQJO\ GHSHQGV RQ KRZ
JRRG WKH VWLPXOL DUH DQGRQ WKH FRQVWUDLQWV FRPLQJ IURP WKH
HQYLURQPHQWWKHV\VWHPLVHPEHGGHGLQ0RUHRYHUWKHFRVWIRU
GHYHORSLQJWKHVWLPXOLPD\EHUHOHYDQWHVSHFLDOO\EHFDXVHZH
VWLOOODFNVXLWDEOH('$WRROVWRDXWRPDWHWKLVSKDVH
,Q WKLV SDSHU ZH IRFXV RQ WKH /,1 QHWZRUN ZKLFK LV
FRPPRQO\ XVHG LQ WKH DXWRPRWLYH GRPDLQ WR FRQQHFW ORZ
VSHHGVHQVRUVDQGDFWXDWRUVDQGH[SORUHWKHSRVVLELOLW\RIIHUHG
E\DIXQFWLRQDOWHVW$VPDOOEXWUHSUHVHQWDWLYH/,1QHWZRUNLV
FRQVLGHUHG DQG WKH SHUFHQWDJH RI SHUPDQHQW VWXFNDW IDXOWV
WKDWFDQEHGHWHFWHGE\VXFKDWHVW LVHYDOXDWHG0RUHRYHUDQ
DQDO\VLV RI WKH IDXOWV WKDW FDQQRW EH GHWHFWHG LQ WKLV ZD\ LV
SHUIRUPHGOHDGLQJWRWKHLGHQWLILFDWLRQRI³RQOLQHIXQFWLRQDOO\
XQWHVWDEOH IDXOWV´ >@ WKDW FDQQRW DIIHFW WKH EHKDYLRU RI WKH
QHWZRUN LQ WKH FRQVLGHUHG FRQILJXUDWLRQ )LQDOO\ VRPH
JXLGHOLQHV WR LPSURYH WKH WHVW VWLPXOL LQRUGHU WR LQFUHDVH WKH
IDXOWFRYHUDJHDUHSURYLGHG
7KHSDSHU LV RUJDQL]HG DV IROORZV6HFWLRQ ,, VXPPDUL]HV
SUHYLRXVZRUNLQWKHLQILHOGGHWHFWLRQRISHUPDQHQWIDXOWVIRU
GLVWULEXWHG QHWZRUNV LQ WKH DXWRPRWLYH VHFWRU 6HFWLRQ ,,,
GHWDLOV WKH V\VWHP XQGHU WHVW FKRVHQ /,1 QHWZRUN DQG WKH
IDXOW LQMHFWLRQ FDPSDLJQ SHUIRUPHG 6HFWLRQ ,9 GHVFULEHV D
PHWKRGRORJ\ DSSOLHG IRU LPSURYLQJ IXQFWLRQDOZRUNORDGV IRU
LQILHOG DJLQJ GHWHFWLRQ )LQDOO\ VHFWLRQ 9 VWDWHV WKH
FRQFOXVLRQVRIWKHSUHVHQWHGZRUN
,, 35(9,286:25.
5REXVWQHVV RI FRPPXQLFDWLRQ SURWRFROV XVHG LQ
DXWRPRWLYH DSSOLFDWLRQV LV DQ LQWHUHVWLQJ LVVXH IRU VFLHQWLILF
FRPPXQLW\ DQG LQGXVWU\ >@ ,Q SDUWLFXODU WKHUH DUH VHYHUDO
UHVHDUFKLQJ ZRUNV WKDW DUH DLPHG DW LPSURYLQJ LQILHOG IDXOW
GHWHFWLRQ DQG GLDJQRVLV LQ DXWRPRWLYH QHWZRUNV ZLWK &$1
)OH[5D\RU/,1SURWRFROV
,Q >@ WKHDXWKRUVSURSRVH UHXVLQJ WKHPDQXIDFWXULQJ WHVW
LQIUDVWUXFWXUHV DYDLODEOH LQ LQWHJUDWHG FLUFXLWV WR SHUIRUP WHVW
LQILHOG RI DXWRPRWLYH V\VWHPV 7KH DSSURDFK FRQVLVWV LQ
DGGLQJ D SURJUDPPDEOH FRPSRQHQW LQ WKH(OHFWURQLF&RQWURO
8QLW (&8 WR WHVW WKDW PDQDJHV WKH WHVW LQIUDVWUXFWXUHV
([SHULPHQWVZLWK SHUPDQHQW IDXOWV UHTXLUH D WHVW WLPH LQ WKH
RUGHURIPLQXWHV
,Q >@ DQG >@ SUHVHQWHG DSSURDFKHV DUH IRFXVHG RQ&$1
SURWRFRO ,QRUGHU WR GLDJQRVH IDXOWV LQ&$1QRGHV LQ >@ D
GHGLFDWHG KDUGZDUH LV DGGHG WRPRQLWRU WUDQVPLW DQG UHFHLYH
HUURU FRXQWHUV 7KXV WKH DSSURDFK LV EDVHG RQ WKH IDXOW
GHWHFWLRQPHFKDQLVPVRIWKH&$1SURWRFRO,Q>@WKHDXWKRUV
SUHVHQW DPHWKRG WR FKHFN WKH VWDUWXSSURFHVV LQ DYHKLFOH D
VWDUWDXWKRUL]DWLRQVXSHUYLVRU\FRQWURODOJRULWKP7KLVPHWKRG
LV EDVHG RQ H[FKDQJLQJ PHVVDJHV DPRQJ WKH &$1 QHWZRUN
QRGHVFKHFNLQJ LI WKHUHVSRQVHVDUHSRVLWLYH LQDSURSHU WLPH
UDQJH,WLVQRWDLPHGDWGHWHFWLQJSHUPDQHQWRUWUDQVLHQWIDXOW
LQ WKH HOHFWURQLF PRGXOHV EXW DW GHWHFWLQJ SRVVLEOH V\VWHP
HUURUVOLNHWKHVWDUWEXWWRQKDVQRWEHHQSUHVVHGHQRXJKWLPH
)OH[5D\KDVEHHQ DOVRZLGHO\ VWXGLHG VLQFH LW LV DVVXPHG
OLNH WKH PDLQ FRPPXQLFDWLRQ SURWRFRO IRU IXWXUH DXWRPRWLYH
V\VWHPV ,Q >@ WKH EHKDYLRU RI D )OH[5D\ LPSOHPHQWDWLRQ
XQGHU WUDQVLHQW IDXOWV LV DQDO\]HG DQG VWDUWLQJ IURP WKH
REVHUYHG IDXOW HIIHFWV IUHH]H HUURUV D ORZ FRVW RQOLQH
PHFKDQLVPLVSURSRVHGLQRUGHUWRGHWHFWWKRVHNLQGVRIHUURUV
GLDJQRVLVE\LQFOXGLQJDQHUURUPRQLWRU,Q>@DQDSSURDFK
WRWHVW)OH[5D\QHWZRUNVLVSURSRVHG,WFRQVLVWVLQFRQQHFWLQJ
D WHVWHU WR WKH EXV LQ RUGHU WR REVHUYH WKH WUDIILF DQG LQMHFW
IDXOWVWRVWXG\WKHLUHIIHFWV,QWKLVFDVHWKHPDLQREMHFWLYHLV
WHVWWKHPRGXOHLQVWHDGRISHUIRUPIDXOWGHWHFWLRQEXWLWFDQEH
DSSOLHGRQOLQH
/,1 EXV LPSRVHV VRIWHU GHSHQGDELOLW\ UHTXLUHPHQWV WKDQ
&$1RU)OH[5D\DQGWKHUHDUHOHVVUHVHDUFKLQJZRUNVZLWKLW
,Q >@ DQG >@ PHWKRGV DSSOLFDEOH DW GHVLJQ VWDJH DUH
SURSRVHVEXWWKHUHDUHQRZRUNVZLWK/,1QHWZRUNVDERXWLQ
ILHOG IDXOW GHWHFWLRQ $XWKRUV RI >@ SUHVHQW D /,1 WHVWHU
DSSOLFDEOH GXULQJ GHVLJQ VWDJH DQG LQ >@ D VHQVLWLYLW\
DQDO\VLV DJDLQVW WUDQVLHQW IDXOWV RI D JLYHQ /,1 FRQWUROOHU LV
SUHVHQWHG +RZHYHU WKH LQFUHDVLQJ QXPEHU RI (&8V LQ
DXWRPRWLYH DSSOLFDWLRQV LQYROYHV PRUH FRPSOH[ QHWZRUNV
ZKHUH/,1EXVLVXVHGLQVXEQHWZRUNVLQVWHDGRI&$1DQGLQ
ILHOGWHVWLVEHFRPLQJDFRQFHUQ
6XPPDUL]LQJPRVWRIWKHH[LVWLQJZRUNVUHODWHGWRLQILHOG
WHVW RYHU DXWRPRWLYH FRPPXQLFDWLRQ SURWRFROV DUH EDVHG RQ
XVLQJ DGGLWLRQDO KDUGZDUH PRGXOHV RU WKH DYDLODEOH WHVW
LQIUDVWUXFWXUHV%HVLGHV/,1SURWRFROKDVQRWEHHQVWXGLHG LQ
WKLV VHQVH WR WKH EHVW RI RXU NQRZOHGJH ,Q WKLV ZRUN ZH
SURSRVHDQLQILHOGWHVWPHWKRGEDVHGRQIXQFWLRQDOLVVXHVIRU
/,1QHWZRUNVFRQVLGHULQJSHUPDQHQWIDXOWV
,,, 3(50$1(17)$8/7,1-(&7,21&$03$,*1
)DXOWLQMHFWLRQWKURXJKKDUGZDUHHPXODWLRQRIFLUFXLWXQGHU
WHVW RQ UHFRQILJXUDEOH GHYLFHV )3*$V KDV EHFRPH D
FRPPRQ VROXWLRQ IRU HDUO\ VHQVLWLYLW\ DVVHVVPHQW GXULQJ ILUVW
VWDJHV RI GHVLJQ F\FOH 7KHUH DUH PDQ\ WRROV SHUIRUPLQJ
WUDQVLHQW IDXOW LQMHFWLRQ FDPSDLJQV RQ FLUFXLWV GHVFULSWLRQV RU
VRIW FRUHV WKURXJK HPXODWLRQ RQ )3*$V >@>@>@ 7KHVH
FDPSDLJQVDUH LQWHQGHG WR WHVW WKHHIIHFWRI LRQL]LQJUDGLDWLRQ
DQGWRFKHFNWKHRQOLQHWHVWLQJFDSDELOLWLHVRIWKHFLUFXLW(DUO\
LGHQWLILFDWLRQ RI ZHDN HOHPHQWV LQ WKH FLUFXLW DV ZHOO DV
KDUGHQLQJ WHFKQLTXHV LQVHUWLRQ DQG HYDOXDWLRQ DUH WKH PDLQ
DGYDQWDJHVSURYLGHGE\WKHVHWRROV
,QILHOG SHUPDQHQW IDXOWV GHWHFWLRQ KDV EHHQ DGRSWHG
UHFHQWO\ DV DQ HIILFLHQW WHFKQLTXH DJDLQVW GHYLFHV DJLQJ
6SHFLILF ZRUNORDG H[HFXWLRQ DW WKH VWDUWXS RI HOHFWURQLF
V\VWHPV DQG VXEV\VWHPV LQ PDQ\ DSSOLFDWLRQV DXWRPRWLYH
LQGXVWULDO PHGLFDO HTXLSPHQW HWF GHWHFWV SHUPDQHQW IDXOWV
FDXVHGE\GHYLFHDJLQJ
(IILFLHQW WHVW ZRUNORDGV DUH GLIILFXOW WR JHQHUDWH DQG WR
DSSO\ 0DQXIDFWXULQJ WHVW LV GHYHORSHG FRQVLGHULQJ HYHU\
FLUFXLW RXWSXW LV FRQWLQXRXVO\ REVHUYDEOH ,QILHOG WHVWV LPSO\
PDQ\UHVWULFWLRQVLQWHUPVRIFRQWUROOLQJDQGREVHUYLQJFLUFXLW
LQSXWV DQG RXWSXWV 7ZR UHTXLUHPHQWV DUH LPSRVHG LQ PDQ\
DSSOLFDWLRQV)LUVWZRUNORDGVKRXOGEHWKHRQO\WRRO WRGHWHFW
SHUPDQHQW IDXOWV QR LQWHUQDO WHVW VWUXFWXUHV FDQ EH XVHG
6HFRQGO\DOWKRXJKVROXWLRQVDUHSURSRVHGIRUPLFURSURFHVVRU
EDVHG V\VWHPV IHZ DSSURDFKHV DUH IRFXVHG RQ SURWRFROV LQ
GLVWULEXWHG QHWZRUNV 7KHUHIRUH DOJRULWKPV DQG WRROV IRU
KHOSLQJ LQ WKH JHQHUDWLRQ RI WKHVH VSHFLILF ZRUNORDGV DUH
UHTXLUHGE\LQGXVWU\DQGUHVHDUFKHGE\DFDGHPLD
,Q WKLV VHQVH SHUPDQHQW IDXOW LQMHFWLRQ WKURXJK KDUGZDUH
HPXODWLRQIRUDVVHVVLQJWHVWFDSDELOLWLHVLVFXUUHQWO\DUHDOLW\LQ
PDQ\ LQGXVWULDO DSSOLFDWLRQV ,Q WKLV ZRUN DXWKRUV KDYH
DGRSWHGWKH$XWRQRPRXV(PXODWLRQ>@DVWKHIDXOWLQMHFWLRQ
WRRO IRU SURSRVLQJ DQG SURYLQJ D PHWKRGRORJ\ IRU LQILHOG
SHUPDQHQW IDXOWV GHWHFWLRQ LQ GLVWULEXWHG QHWZRUNV RI
DXWRPRWLYHDSSOLFDWLRQV
$ 3HUPDQHQW)DXOW,QMHFWLRQ7RRO
$XWRQRPRXV(PXODWLRQLVDWRROIRUVHQVLWLYLW\DVVHVVPHQW
RIGLJLWDOFLUFXLWV WKURXJK WUDQVLHQW IDXOW LQMHFWLRQRQPHPRU\
HOHPHQWV ,W SURYLGHV YHU\ JRRG IDXOW LQMHFWLRQ UDWHV 
IDXOWVV DQG HQDEOHV FRPSOHWH IDXOW OLVW LQMHFWLRQ LQ HYHU\
PHPRU\ HOHPHQW LQ HYHU\ ZRUNORDG FORFN F\FOH JLYLQJ QRW
RQO\ UHSUHVHQWDWLYHFURVV VHFWLRQ UHVXOWVEXW DOVR ORFDWLQJ WKH
ZHDNHVW DUHDV LQ WKH FLUFXLW WR EH KDUGHQHG $XWKRUV KDYH
HQKDQFHG WKLV WRRO LQFOXGLQJ WKH SHUPDQHQW IDXOW LQMHFWLRQ
FDSDELOLW\RQHYHU\ IOLSIORSDQGVWDUWLQJ WKH IDXOWHIIHFW IURP
DQ\FORFNF\FOHRIWKHZRUNORDG
,Q WKLV WRRO WZR FRSLHV RI WKH FLUFXLW PHPRU\ HOHPHQWV
XQGHU WHVW DUH SURWRW\SHG RQ DQ )3*$ WKH JROGHQ DQG WKH
IDXOW\3DUDOOHOH[HFXWLRQRIERWKYHUVLRQVRIWKHFLUFXLWDOORZV
F\FOHWRF\FOHFRPSDULVRQDW WKHFLUFXLWRXWSXWVDQG LQDOO WKH
LQWHUQDOPHPRU\HOHPHQWV7KHLQMHFWHGIDXOWVDUHFODVVLILHGE\
WKH SURGXFHG HIIHFW RQ WKH V\VWHP EHKDYLRU DFFRUGLQJ WR WKH
IROORZLQJFDWHJRULHV
 7KHHIIHFWRIWKHIDXOWLVSURSDJDWHGWRWKHRXWSXWV
D $IDXOWLVFODVVLILHGDV'HWHFWHGZKHQVRPHRIWKHHUURU
GHWHFWLRQPHFKDQLVPVLPSOHPHQWHGLQWKH/,1PRGXOH
LV DEOH WR GHWHFW WKH IDXOW HJ WKH LQWHUUXSWLRQ IODJ
EHFRPHVDFWLYHZKHQQRWH[SHFWHGRUYLFHYHUVD
E $ IDXOW LV FODVVLILHG DV )DLOXUH ZKHQ D IDXOW\
WUDQVPLVVLRQ LV SHUIRUPHG EXW WKH /,1 FRUH GRHV QRW
GHWHFW DQ\ PLVEHKDYLRU LH 'DWD DUH FRUUXSWHG EXW
3DULW\DQG&KHFNVXPDUHFRUUHFW
 7KHHIIHFWRIWKHIDXOWLVQRWSURSDJDWHGWRWKHRXWSXWV
D $IDXOWLVFODVVLILHGDV6LOHQWLILWVHIIHFWKDVFRPSOHWHO\
GLVDSSHDUHGIURPWKHFLUFXLW
E $ IDXOW LV FODVVLILHG DV /DWHQW LI LWV HIIHFWV DUH VWLOO
UHPDLQLQJLQVRPHPHPRU\HOHPHQWVRIWKHFLUFXLW
% 6\VWHPXQGHUWHVW
7KH WDUJHW GLVWULEXWHG V\VWHP FKRVHQ WR HYDOXDWH WKH
PHWKRGRORJ\ LV D/,1QHWZRUN7KH/,1SURWRFRO LV DQRSHQ
VHULDO FRPPXQLFDWLRQ SURWRFRO IRU GLVWULEXWHG HOHFWURQLF
GHYLFHV LQ YHKLFOHV 7KH ORZ FRVW RI LPSOHPHQWDWLRQ DQG WKH
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LQLWLDOL]DWLRQ YDOXH RIPRVW RI IOLSIORSV µ¶ZKLFK KHOSV LQ
WKH GHWHFWLRQ RI VWXFNDW IDXOWV :LWK UHVSHFW WR WKH RWKHU
IDXOWFODVVLILFDWLRQVDURXQGRIWKHVWXFNDWIDXOWVLVQRW
SURYRNLQJ GLIIHUHQW VWDWH YDOXHV VLOHQWZKLOH DURXQG  RI
WKHP UHPDLQV ODWHQW LQ WKH FLUFXLW EXW QR SURSDJDWLRQ LV
DFWLYDWHGWRWKHFLUFXLWRXWSXWV7KLVUHVXOWGLIIHUVZLWKUHVSHFW
WRVWXFNDWIDXOWVZKHUHFRQWUROODELOLW\LVEHWWHURQO\RI
VLOHQWIDXOWVEXWREVHUYDELOLW\LVVOLJKWO\ZRUVH
7$%/(%/2&.*5283(')$8/7&/$66,),&$7,21)250$67(512'(
678&.$7
 )) )DLOXUH /DWHQW 6LOHQW
CONFREG 56 27 0 29
CRL_CHECKSUM 2 0 0 2
CRL_COUNTER 22 19 0 3
CRL_ERROR 9 3 0 6
CRL_FRAME 4 4 0 0
CRL_MASTER 9 9 0 0
CRL_SLAVE 23 21 2 0
CRL_RECEIVE 9 7 1 1
CRL_SER_IN_LAST 1 0 1 0
CRL_STATUS 3 3 0 0
DIVIDER 17 6 1 10
RECEIVER 23 23 0 0
SAMPLER 4 4 0 0
TRANSMITTER 14 13 0 1
CHECKSUM 9 0 0 9
Total 205 139 5 6167,80% 2,44% 29,76%

7$%/(%/2&.*5283(')$8/7&/$66,),&$7,21)250$67(512'(
678&.$7
 )) )DLOXUH /DWHQW 6LOHQW
CONFREG 56 52 0 4
CRL_CHECKSUM 2 0 2 0
CRL_COUNTER 22 18 3 1
CRL_ERROR 9 9 0 0
CRL_FRAME 4 4 0 0
CRL_MASTER 9 9 0 0
CRL_SLAVE 23 21 0 2
CRL_RECEIVE 9 7 1 1
CRL_SER_IN_LAST 1 1 0 0
CRL_STATUS 3 3 0 0
DIVIDER 17 17 0 0
RECEIVER 23 23 0 0
SAMPLER 4 4 0 0
TRANSMITTER 14 14 0 0
CHECKSUM 9 9 0 0
Total 205 191 6 893,17% 2,93% 3,90%

$QDO\]LQJLQGHWDLOWKHIDXOWFODVVLILFDWLRQRQHYHU\EORFNLQ
WKH/,1PDVWHUQRGHWKHUHDUHWKUHHEORFNVZKHUHQRVWXFNDW
IDXOW LVGHWHFWHGDW WKHQRGHRXWSXWVDOORI WKHPDUHUHODWHG
ZLWKWKH&KHFNVXPFDOFXODWLRQDQGFKHFNLQJ(YHQ LQRQHRI
WKHP&RQWUROSDUWUHODWHGWR&KHFNVXPQRVWXFNDWIDXOWLV
GHWHFWHG%XW WKHEORFNVZLWKZRUVH UHVXOWVDUH&RQILJXUDWLRQ
5HJLVWHUV RQO\ D  RI SHUPDQHQW VWXFNDW IDXOWV DUH
GHWHFWHGDQGWKH)UHTXHQF\'LYLGHURQO\DRISHUPDQHQW
VWXFNDWIDXOWVDUHGHWHFWHGZKHUHHYHQQRFRQWURODFWLRQLV
WDNHQ:LWK UHVSHFW WRVWXFNDWEHWWHUGHWHFWLRQFDSDELOLW\ LV
REVHUYHG ZLWK WKLV ZRUNORDG DOWKRXJK IRXU IOLSIORSV LQ
&RQILJXUDWLRQ5HJLVWHUVEORFNUHPDLQXQWHVWHG
$VPHQWLRQHGEHIRUHWKH,62VWDQGDUGIRUDXWRPRWLYH
DSSOLFDWLRQV UHTXLUHV WKDW RI VWDWLF SHUPDQHQW IDXOWV DUH
GHWHFWHG HYHQ ZKHQ WKH $XWRPRWLYH 6DIHW\ ,QWHJULW\ /HYHO
$6,/ LV % GHQRWLQJ D ORZ OHYHO RI UHTXLUHG VDIHW\
7KHUHIRUH LPSURYLQJ WKLV IXQFWLRQDOZRUNORDG LVPDQGDWRU\
HVSHFLDOO\IRUVWXFNDWIDXOWV
2QWKHRWKHUKDQGLIZHDQDO\]HWKHIDXOWFODVVLILFDWLRQIRU
WKH 6ODYH QRGHV ZRUVH UHVXOWV DUH REWDLQHG &RQILJXUDWLRQ
UHJLVWHUVDUHQRWGLUHFWO\DFFHVVLEOHWKURXJK/,1QHWZRUNEXV
7KHUHIRUH WKH HIIHFWV RI IDXOWV LQMHFWHG LQ WKHVH HOHPHQWV DUH
RQO\ REVHUYDEOH WKURXJK PDOIXQFWLRQLQJ LQ FRPPDQGV
SURFHVVLQJ IUDPH GHFRGLQJ LQ &RQWURO %ORFN 7DEOH  DQG
7DEOHGHWDLOUHVXOWVIRU6ODYHQRGH2QO\DURXQGWKHRI
LQMHFWHGVWXFNDW IDXOWV DUHGHWHFWHGDQGDURXQG WKHRI
LQMHFWHG VWXFNDW IDXOWV ,QWHUQDO EORFNV ZLWK ORZHU IDXOW
FRYHUDJHV DUH VLPLODU WR PDVWHU QRGH WKH RQO\ GLIIHUHQFH LV
7UDQVPLWWHU EORFN ZKLFK FDQQRW EH REVHUYHG DQ\ZD\ LQ WKH
VODYHQRGHVIURPWKHPDVWHUVLGH
7$%/(%/2&.*5283(')$8/7&/$66,),&$7,21)256/$9(12'(678&.
$7
 )) )DLOXUH /DWHQW 6LOHQW
CONFREG 56 8 9 39
CRL_CHECKSUM 2 1 0 1
CRL_COUNTER 22 5 1 16
CRL_ERROR 9 1 0 8
CRL_FRAME 4 1 1 2
CRL_MASTER 9 2 0 7
CRL_SLAVE 23 3 1 19
CRL_RECEIVE 9 0 2 7
CRL_SER_IN_LAST 1 0 0 1
CRL_STATUS 3 0 1 2
DIVIDER 17 1 3 13
RECEIVER 23 3 0 20
SAMPLER 4 1 0 3
TRANSMITTER 14 4 0 10
CHECKSUM 9 2 0 7
Total 205
32 18 155
15,61% 8,78% 75,61%

7$%/(%/2&.*5283(')$8/7&/$66,),&$7,21)256/$9(12'(678&.
$7
 )) )DLOXUH /DWHQW 6LOHQW
CONFREG 56 13 0 43
CRL_CHECKSUM 2 1 0 1
CRL_COUNTER 22 4 0 18
CRL_ERROR 9 4 0 5
CRL_FRAME 4 0 0 4
CRL_MASTER 9 3 0 6
CRL_SLAVE 23 4 0 19
CRL_RECEIVE 9 2 0 7
CRL_SER_IN_LAST 1 1 0 0
CRL_STATUS 3 0 0 3
DIVIDER 17 3 0 14
RECEIVER 23 5 0 18
SAMPLER 4 1 0 3
TRANSMITTER 14 2 0 12
CHECKSUM 9 2 0 7
Total 205
45 0 160
21,95% 0,00% 78,05%

,9 ()),&,(176(/)7(672167$57,1*7+(6<67(0
,QILHOGGHWHFWLRQRISHUPDQHQWIDXOWVLQGLVWULEXWHGV\VWHPV
IRU DXWRPRWLYH DSSOLFDWLRQV UHTXLUHV DQ HIILFLHQW ZRUNORDG
GHYHORSHGLQWKHHDUO\VWDJHVRIGHVLJQF\FOHZKLFKWDNHVLQWR
DFFRXQW WKHFRQWUROODELOLW\ DQGREVHUYDELOLW\RI HYHU\QRGH LQ
WKHQHWZRUN
$ (IILFLHQW:RUNORDGJHQHUDWLRQ
0DLQHOHPHQWVUHTXLUHGIRUWKLVZRUNORDGJHQHUDWLRQDUH
x &LUFXLWGHVFULSWLRQUHDG\WREHVLPXODWHGRUHPXODWHG
x )DXOW LQMHFWLRQ WRRO FDSDEOH RI LQMHFWLQJ SHUPDQHQW
IDXOWVLQWKHLQWHUQDOHOHPHQWVRIWKHQHWZRUNQRGHV
x )XQFWLRQDOZRUNORDGWRVWDUWZLWK7KLVZRUNORDGVKRXOG
FKHFN PDLQ IXQFWLRQDOLW\ RI WKH FLUFXLWQHWZRUN
FRQVLGHULQJRSHUDWLRQPRGHVHUURUPRGHVFRQILJXUDWLRQ
DQGFRPPDQGVGDWDLQWHUFKDQJH
7KH PHWKRGRORJ\ IROORZHG IRU DFKLHYLQJ KLJK IDXOW
FRYHUDJHLVFRPSRVHGRIIRXUVWHSV
 3HUPDQHQW IDXOW LQMHFWLRQ FDPSDLJQ RQ WKH FLUFXLW
GHVFULSWLRQVZLWK WKH IXQFWLRQDOZRUNORDGSURYLGHG E\
PDQXIDFWXUHU RU GHYHORSHG E\ WHVW HQJLQHHU DWWHQGLQJ
FLUFXLWVSHFLILFDWLRQV
 )DXOWFODVVLILFDWLRQIRUVWXFNDWDQGVWXFNDWIDXOWV
)DLOXUH FODVVLILFDWLRQ FRPSXWDWLRQ DQG XQWHVWHG IDXOWV
LGHQWLILFDWLRQ
 /RFDWLRQ RI XQFRYHUHG HOHPHQWV ZLWK WKH ZRUNORDG
DSSOLHG,GHQWLILFDWLRQRI/DWHQWDQG6LOHQWIDXOWV
D /DWHQW IDXOWV LPSO\ WKH IDXOW LV LQMHFWHG EXW
WKHUH LV QR SURSDJDWLRQ RI LWV HIIHFW WR WKH
REVHUYDEOH RXWSXWV 2EVHUYDELOLW\ VKRXOG EH
DVVXUHG
E 6LOHQW IDXOWV LPSO\ WKH IDXOW LV QRW LQMHFWHG
FRUUHFWO\ $ ODFN RI FRQWUROODELOLW\ LV
LGHQWLILHG
 5HJHQHUDWLRQ RI QHZ ZRUNORDG ZKLFK DVVXUHV WKH
LQMHFWLRQ RI DOO SRVVLEOH IDXOWV DQG WKH REVHUYDWLRQ RI
WKHLUHIIHFWVZKHUHIDLOXUHFODVVLILFDWLRQLVGRQH
 5HSHDW VWHSV DJDLQ IURP  WR  WLOO IDXOW FRYHUDJH
UHDFKHVIRUVWXFNDWDQGVWXFNDW
7KH HQKDQFLQJ RIZRUNORDG WR DVVXUH IDXOW LQMHFWLRQ LQ WKH
LQWHUQDO HOHPHQWV WKDW SURGXFH 6LOHQW IDXOWV VXSSRVH WKH
LGHQWLILFDWLRQ DQG DFWLYDWLRQ RI ZULWLQJ SURFHGXUHV IRU WKHVH
PHPRU\HOHPHQWVDFFRUGLQJWR3URWRFROVSHFLILFDWLRQ
2Q WKH RWKHU KDQG REVHUYDELOLW\ LPSURYLQJ IRU WKRVH
HOHPHQWV WKDW SURGXFH /DWHQW IDXOWV LPSO\ WKH JHQHUDWLRQ RI
UHDGLQJ SURFHGXUHV IRU LQWHUQDO UHJLVWHUV EXW DOVR FKHFNLQJ
IUHTXHQF\ GLYLGHUV ILQLWH VWDWH PDFKLQHV DQG HUURU GHWHFWLRQ
PHFKDQLVPV
$IWHU VRPH LWHUDWLRQ WHVW HQJLQHHUVZLOO GLVFRYHU WKHUH DUH
VRPHIDXOWVWKDWDUHXQWHVWDEOHIRUWKHV\VWHPVXQGHUDQDO\VLV
7KHVHIDXOWVDULVHWZRRSWLRQV)LUVWDIIHFWHGHOHPHQWVDUHQRW
XVHG GXULQJ D W\SLFDOZRUNORDG VR SHUPDQHQW IDXOWV KDYH QR
LPSRUWDQFH6HFRQGO\DIIHFWHGHOHPHQWVDUHQRWYLVLEOHZLWKLQ
WKH V\VWHP XQGHU DQDO\VLV GLVWULEXWHG QHWZRUN ZKHUH RQO\
VRPHQRGHV DUHYLVLEOH OLNH/,1QHWZRUN ,Q WKLV ODWWHU FDVH
WKH FRUUHFW EHKDYLRU RI WKH V\VWHP LV DOVR DVVXUHG IURP WKH
SRLQWRIYLHZRIQHWZRUNRSHUDWLRQEXWVRPHIXQFWLRQVZLOOEH
GHJUDGHGVXFKDVVHQVRUGDWDSURFHVVLQJFRQWURORIDFWXDWRUV
HWF)LJXUH
$XWRPDWLF WRRO IRU SHUPDQHQW IDXOW LQMHFWLRQ RQ D FLUFXLW
GHVFULSWLRQLVUHTXLUHGWRDSSO\WKLVPHWKRGRORJ\IRUHIILFLHQW
WHVWZRUNORDGVJHQHUDWLRQ7KLVWRROVKRXOGFODVVLI\WKHHIIHFWV
RILQMHFWHGIDXOWVLQWKUHHFDWHJRULHVDWOHDVW)DLOXUH6LOHQWDQG
/DWHQW
% (IILFLHQWZRUNORDGIRU/,1QHWZRUN
([SHULPHQWDO UHVXOWV SUHVHQWHG LQ SUHYLRXV VHFWLRQV RQ D
/,1 QHWZRUN VKRZ WKH IDXOW FRYHUDJH IRU VWXFNDW  IDXOWV
ZLWK D IXQFWLRQDO ZRUNORDG LV ORZHU WKDQ WKH VWDQGDUG
UHTXLUHPHQWV,62$6,/OHYHO%ZKLOHWKHIDXOW
FRYHUDJHIRUVWXFNDWIDXOWVLVKLJKHUWKDQ7KRVHUHVXOWV
SUHVHQWHG LQ VHFWLRQ ,,, DUH UHIHUUHG WR IDXOWV LQMHFWHG LQ WKH
PDVWHU/,1QRGH:KHQFRQVLGHULQJIDXOWVLQWKHVODYHQRGHV
IDXOWFRYHUDJHLVPXFKOHVV
$XWKRUVKDYHDSSOLHG WKHPHWKRGRORJ\GHWDLO LQ VXEVHFWLRQ
$ LGHQWLI\LQJ /DWHQW DQG 6LOHQW IDXOWV DQG LQFOXGLQJ ZULWLQJ
DQG UHDGLQJ FRPPDQGV LQ WKH RULJLQDO ZRUNORDG DV ZHOO DV
PRUH FRQILJXUDWLRQ PRGHV IRU IUHTXHQF\ GLYLGHUV 2QO\ RQH
LWHUDWLRQVWHSKDVEHHQSHUIRUPHG)URPWKHRULJLQDOZRUNORDG
FORFNF\FOHVH[WUDWHVWYHFWRUVKDYHEHHQDGGHG
7KHQHZFODVVLILFDWLRQUHVXOWVDUHVKRZQLQ7DEOHDQG7DEOH
IRUPDVWHUQRGH,QWKLVPRGXOHPRVWRIVWXFNDWIDXOWVDUH
GHWHFWHG  ZKLOH WKHUH DUH VWLOO HOHPHQWV LQ WKH
&RQILJXUDWLRQ 5HJLVWHUV ZKLFK DUH QRW FRQWUROOHG ZLWK WKLV
ZRUNORDGIRUVWXFNDW7KLVLPSOLHVIDXOWFRYHUDJHIRUVWXFN
DW IDXOWV LV )XUWKHU LWHUDWLRQV FDQ EH GRQH LQ RUGHU WR
LPSURYH WKHIDXOWFRYHUDJHHVSHFLDOO\IURPWKHSRLQWRIYLHZ
RI WKH VODYH QRGHVZKRVH UHVXOWV KDYH QRW EHHQ LPSURYHG DW
DOO
7$%/(  %/2&. *5283(' )$8/7 &/$66,),&$7,21 )25 0$67(5 12'(
678&.$7:,7+,03529(':25./2$'
 )) )DLOXUH /DWHQW 6LOHQW
CONFREG 56 43 1 12
CRL_CHECKSUM 2 2 0 0
CRL_COUNTER 22 20 0 2
CRL_ERROR 9 8 0 1
CRL_FRAME 4 3 1 0
CRL_MASTER 9 9 0 0
CRL_SLAVE 23 23 0 0
CRL_RECEIVE 9 7 0 2
CRL_SER_IN_LAST 1 1 0 0
CRL_STATUS 3 3 0 0
DIVIDER 17 17 0 0
RECEIVER 23 21 0 2
SAMPLER 4 4 0 0
TRANSMITTER 14 14 0 0
CHECKSUM 9 8 0 1
Total 205
183 2 20
89,27% 0,98% 9,76%

7KH PDLQ FRQFOXVLRQ RI WKHVH UHVXOWV LV WKDW ZLWK D
IXQFWLRQDOZRUNORDGLWLVSRVVLEOHWRGHWHFWSHUPDQHQWIDXOWVLQ
PDVWHU QRGHV RI D /,1 QHWZRUN HJ GXH WR GHYLFH DJLQJ
ZKLOH VODYH QRGHV UHTXLUH IXUWKHU HIIRUWV ,Q JHQHUDO GXH WR
LQLWLDOL]DWLRQVFKHPHVWXFNDWIDXOWVDUHKDUGHUWREHGHWHFWHG
WKDQ VWXFNDW7KH XVH RI D IDXOW LQMHFWLRQ WRRO LQ WKH HDUO\
VWDJHVRIGHVLJQF\FOHZLOOKHOSLQWKHJHQHUDWLRQRIDQHIILFLHQW
ZRUNORDG WR GHWHFW DJLQJ HIIHFWV LQ WKH ILQDO V\VWHP 7KLV LV
HVSHFLDOO\ UHOHYDQW LI GLVWULEXWHG V\VWHP FDQ EH
HPXODWHGVLPXODWHGZLWKWKHREVHUYDWLRQSRLQWVVHOHFWHGE\WKH
WHVWHQJLQHHU
7$%/(  %/2&. *5283(' )$8/7 &/$66,),&$7,21 )25 0$67(5 12'(
678&.$7:,7+,03529(':25./2$'
 )) )DLOXUH /DWHQW 6LOHQW
CONFREG 56 54 2 0
CRL_CHECKSUM 2 2 0 0
CRL_COUNTER 22 22 0 0
CRL_ERROR 9 9 0 0
CRL_FRAME 4 2 1 1
CRL_MASTER 9 8 1 0
CRL_SLAVE 23 23 0 0
CRL_RECEIVE 9 9 0 0
CRL_SER_IN_LAST 1 1 0 0
CRL_STATUS 3 3 0 0
DIVIDER 17 17 0 0
RECEIVER 23 22 1 0
SAMPLER 4 4 0 0
TRANSMITTER 14 13 0 1
CHECKSUM 9 9 0 0
Total 205
198 5 2
96,59% 2,44% 0,98%

)RUWKRVHXQWHVWDEOHIDXOWVQRWDFFHVVLEOHGXHWRWKHQHWZRUN
DUFKLWHFWXUH DGGLWLRQDO VROXWLRQV VKRXOG EH SURSRVHG 2(0
FRPSDQLHVFDQKDUGO\DFFHSWDQ\KDUGZDUHPRGLILFDWLRQLQWKH
/,1QRGHV DV WLPHDQGFRVW RI WKH ILQDO SURGXFWZRXOG UDLVH
VLJQLILFDQWO\,QWKLVVHQVHPRVWFULWLFDOVODYH/,1QRGHVFRXOG
EHH[WHUQDOO\WHVWHGZLWKVRPHVLJQDWXUHPRQLWRULQJ
9 &21&/86,216
,QWKLVZRUNZHDQDO\]HGWKHSUHVHQFHRISHUPDQHQWIDXOWV
RQ D /,1 QHWZRUN DQG WKHLU GHWHFWLRQ WKURXJK IXQFWLRQDO
ZRUNORDGV7KHSDSHUSURSRVHVDPHWKRGRORJ\ IRU LPSURYLQJ
WKHVH IXQFWLRQDO ZRUNORDGV WKDQNV WR WKH ORFDOL]DWLRQ RI QRW
GHWHFWHG IDXOWV ZLWK WKH DSSOLFDWLRQ RI D SHUPDQHQW IDXOW
LQMHFWLRQFDPSDLJQDVZHOODVWKHFDWHJRUL]DWLRQRIWKHHIIHFWV
RI WKHVH XQGHWHFWHG IDXOWV 6SHFLILF FKDUDFWHULVWLFV RI /,1
QHWZRUNV DUH FRQVLGHUHG ZLWK UHVSHFW WR IDXOW LQMHFWLRQ DQG
HIIHFWVREVHUYDWLRQEXWWKHPHWKRGRORJ\GHWDLOHGLVDSSOLFDEOH
WRDQ\QHWZRUNRIGLVWULEXWHGQRGHV

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³2QOLQH IXQFWLRQDOO\ XQWHVWDEOH IDXOW LGHQWLILFDWLRQ LQ HPEHGGHG
SURFHVVRUFRUHV´'HVLJQ$XWRPDWLRQ	7HVW LQ(XURSH&RQIHUHQFH	
([KLELWLRQ'$7(SS
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(G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
 ,Q7HFK $YDLODEOH IURP 
KWWSZZZLQWHFKRSHQFRPERRNVIDXOWGHWHFWLRQIDXOWGHWHFWLRQDQG
GLDJQRVLVIRULQYHKLFOHQHWZRUNV
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>@ 6 7KDQDJDVXQGUDP HW DO ³)DLOXUH 0DQDJHPHQW IRU 5HOLDEOH
$XWRPRWLYH 6WDUW 8S 3URFHVV´ ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ
&RPSXWHU6FLHQFHDQG$XWRPDWLRQ(QJLQHHULQJSS
>@ < 6HGDJKDW 6 * 0LUHPDGL ³$ /RZ&RVW 2Q/LQH 0RQLWRULQJ
0HFKDQLVP IRU WKH )OH[5D\ &RPPXQLFDWLRQ 3URWRFRO´ WK /DWLQ
$PHULFDQ6\PSRVLXPRQ'HSHQGDEOH&RPSXWLQJSS
>@ ( $UPHQJDXG HW DO ³7RZDUGV D 6\VWHPDWLF 7HVW IRU (PEHGGHG
$XWRPRWLYH&RPPXQLFDWLRQ6\VWHPV´,(((7UDQVDFWLRQVRQ,QGXVWULDO
,QIRUPDWLFV9RO1R$XJXVW
>@ 0 3RSD 9 *UD] $ %RWDV ³/LQ %XV 7HVWLQJ 6RIWZDUH´ &DQDGLDQ
&RQIHUHQFH RQ (OHFWULFDO DQG &RPSXWHU (QJLQHHULQJ SS 

>@ $ 9DVNRYD HW DO ³+DUGHQLQJ RI VHULDO FRPPXQLFDWLRQ SURWRFROV IRU
SRWHQWLDOO\ FULWLFDO V\VWHPV LQ DXWRPRWLYH DSSOLFDWLRQV /,1 EXV´ WK
,(((,QWHUQDWLRQDO2Q/LQH7HVWLQJ6\PSRVLXPSS
>@ &/RSH]2QJLO0*DUFLD9DOGHUDV03RUWHOD*DUFLDDQG/(QWUHQD
³$XWRQRPRXV )DXOW (PXODWLRQ $ 1HZ )3*$%DVHG $FFHOHUDWLRQ
6\VWHPIRU+DUGQHVV(YDOXDWLRQ´,(((7UDQV1XFO6FLYROQR
SS±)HE
>@ -0 0RJROOyQ HW DO )78QVKDGHV $ 1RYHO 3ODWIRUP IRU (DUO\
(YDOXDWLRQ RI 5REXVWQHVV $JDLQVW 6((V´ 5$'(&6  6HYLOOH
6SDLQ
>@ 0 $OGHULJKL HW DO ³(YDOXDWLRQ RI 6LQJOH (YHQW 8SVHW 0LWLJDWLRQ
6FKHPHV IRU 65$0EDVHG)3*$V XVLQJ WKH)/,33(5)DXOW ,QMHFWLRQ
3ODWIRUP³QG,(((,QW6\PSRQ'HIHFWDQG)DXOW7ROHUDQFHLQ9/6,
6\VWHPVSS
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